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(54) Optical 

(57) An optical sensor for testing a biochemical sample includes a resonant mirror device 1 and a prism 2 for 
coupling an input beam of light to the device 1. The Input beam having a single line spectrum is produced by a 
source 10 and polarized by a polarizer 4 to provide equal TE and TM components. The resonant mirror device 
is arranged in the path of said input beam such that the resonance is excited for at least one of said 
components. The fight reflected from the device 1 is projected onto an analyser and thereafter passed through 
e diffraction grating 13 for producing an output beam having a spectrum including a series of bright and/or 
dark fines or bands. When a sensing layer is sensitized by the chemical sample, an angular shift in the 
resonance angle takes place and this causes the lines or bands of the output spectrum to be swept across a 
reference point where detector means 14 is located to count the number of lines or bands or parts thereof 
swept across the reference point 
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An Optical Sensor 

The Invention relates to an inprovement in or relating to 
an optical sensor and a method of testing a chemical sample. 

GB-A-21748G2 discloses a Resonant Mirror Sensor which can 
be used for detecting the presence of analytes in a test sanple by 
measuring changes in the optical properties of a sensing layer, 
which is inmobilized within the evanescent field at the surface of 
the device. This layer may be, for example, a layer of antibodies, 
where binding of a specific analyte to the antibocjy results in a 
change in the thickness and refractive index of the sensing layer. 
The change in the sensing layer is monitored by measuring its effect 
on the angle of resonance of the resonant mirror structure. The 
angle at which resonance occurs is in turn measured by monitoring 
the phase of light reflected from the device. When the incident 
angle is equal to the resonant angle, the phase of the reflected 
light undergoes a change of 2Tfradians, and the angle at which this 
phase change occurs varies as the sensing layer changes. This is a 
very sensitive measuring technique, capable of detecting thickness 
variations in the sensing layer of a few A. 

A number of techniques are used to measure the phase change 
in the reflected beam. The main technique used is to utilise 



monomode light and to make use of the fact that light polarized 
perpendicularly to the plane of incidence (TE polarized) undergoes 
resonance at a different angle to the orthogonal component (TM 
polarized). An optical sensor incorporating this technique is 
disclosed in GB Patent Application No. 9020965.1. A part of the 
incident light is launched into each polarization direction, and the 
two conponents are made to interfere at the output using an analyser 
aligned to the input polarisation. The phase difference between 
the two conponents is measured and, by using a compensator to remove 
the background phase difference, the phase difference is. made to be 
zero away from the resonance and at a maximum of if radians on 
resonance. This results in an intensity variation in the output 
beam, which is maximum away from the resonance and drops to zero at 
the resonant angles. By rotating the analayser by if/Z radians, a 
phase shift of IT is added to one conponent, resulting in the output 
beam intensity being zero away from resonance and maximum on 
resonance. 

The sensor may be used with a collimated beam (rotating the 
prism to vary the incident angle) or with a focused or wedge beam as 
disclosed in GB Application No .902 0965.1. In the latter case the 
projected output beam is of the form of two black lines, 
corresponding to the resonances, on a bright background (or 
alternatively, two bright bands on a dark background The 
positions of these resonances are measured using a detector array, 
for example, a CCD array. Although it would be possible to measure 
small peak shifts using a single detector, the initial angular 
position will vary from sanple to sanple, and so detectors are 
required over the full range over which a resonance may occur. 

The use of detector arrays results in a large number of 
data points being analysed in order to determine the position of the 
peak, so requiring conplex processing. Whilst this is necessary 
when dealing with small angle shifts, for larger angle shifts an 
alternative, slnpler technique may be used which utilizes a multiple 
beam splitting device, to produce a comb of peaks at the output. 



In addition, the sensor of the present invention is 
particularly useful in a situation where small angular shifts in the 
output (i.e. of less than the output spectral spacing) are to be 
measured. The existence of a comb spectrum allows the use of a 
smaller detector/detector array than with a single line output for a 
given angular resolution. This is because, despite shifts in the 
zero position of the output arising from variability of the sensor 
device, there is always one measurable peak within an angular range 
corresponding to the comb spectrum spacing. Therefore the angular 
range covered by the detector/detector array need only be that of 
the comb spectrum spacing. By keeping the spacing to the rairainum 
required to separate adjacent peaks, the angular sensitivity of the 
detector/detector array may be maximised. 

According to the Invention there is provided a method of 
testing a biochemical sample, the method comprising providing an 
optical evanescent wave sensor device having a dielectric cavity and 
a sensing layer, providing an input beam of light having a single 
line or narrow band spectrum, coupling said beam of light to said 
device to excite resonance in said device and passing Tight 
reflected from said device through an analyser and miltiple beam 
splitting element for producing an output beam of light having an 
angular spectrum of a series of bright and/or dark lines or bands, 
sensitizing the sensing layer by the test sample, thereby causing an 
angular shift in the resonance angle, said lines or bands 1n the 
output beam being swept across a reference point as a result of said 
angular shift in the resonance angle and counting said lines or 
bands or parts thereof swept across said reference point, said 
angular shift in the resonance angle being equal to the product of 
the counted number of lines or bands swept across the reference 
point and the distance between two adjacent lines or bands in the 
output spectrum. 

Further according to the invention there is provided an 
optical sensor for testing a biochemical sample, said sensor 
comprising means for providing an input beam of light having a 
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slngle line or narrow band spectrum, an optical evanascent wave 
sensor device having a dielectric cavity and a sensing layer, means 
for coupling said beam of light to said sensor device and passing 
light reflected from said device through an analyser and nultiple 
beam splitting element for producing an output beam of light having 
an angular spectrum of a series of bright and/or dark lines or 
bands, said sensing layer being sensitized by the test sample, when 
the optical sensor is in use, thereby causing an angular shift in 
the resonance angle, said lines or bands in the output spectrum 
being swept across a reference point as a result of said angular 
shift in the resonance angle and means for counting said lines or 
bands or parts thereof swept across said reference point. 

Preferably the nultiple beam splitting element is a 
diffraction grating. The light reflected from the sensing device 
is first projected onto the analyser and thereafter passed through 
the nultiple beam splitting element. Alternatively the light 
reflected from the sensing device is first projected onto the 
multiple beam splitting element and thereafter passed through the 
analyser. 

Preferably the input beam of litfit has coherent TE and TM 
components and said device is arranged in the path of said Input 
beam of light such that one of said conponents excites resonance in 
said device. The device may be arranged in the path of the input 
beam of light su* that resonance is excited for both of said TE and 
TM conponents. 

By TE component is meant a conponent whose electric vector 
is perpendicular to the plane of incidence of the beam of light and 
by TM conponent is meant a conponent whose electric vector is in the 
plane of incidence of the beam of light. 

The sensor device nay be a resonant mirror device arranged 
in combination with coupling means for coupling light Into said 
device. The resonant mirror device which may be used in the 
optical sensor embodying the invention is sinple 1n construction, 
consisting of a prism structure onto which one low and one high 



index dielectric film is deposited. These form a resonant cavity 
on the totally internally reflecting face of the prism. Antibodies 
for the species to be detected are immobilized onto this surface. 
Litfrt is reflected off this surface within the prism and the phase 
of the reflected light is monitored. As the detected species binds 
to the antibody layer the angle at which resonance occurs changes, 
and this can be detected as a measure of the concentration of the 
detected species in the test sample. 

Preferably the input beam of light is linearly polarized 
with TE and TM conponents by a polarizer arranged in the path of the 
beam of light. 

The polarizer may be arranged at 45* to the TE and TM 
transmission axes for providing equal conponents of TE and TH light 
and the analyser may be arranged at 90* to the polarizer for 
providing a series of bright lines and bands in the output spectrum. 

The output optics for the reflected light may include a 
compensator disposed adjacent said analyser to remove any phase 
difference tfiidi is introduced between the TE and TM components on 
total internal reflection and by birefringence in the device. 

Preferably a detector or detector array is disposed at the 
reference point for detecting the lines or bands or parts thereof 
swept across the reference point. 

Further an array of detectors my be disposed in the path 
of said output beam to count lines or bands or parts thereof swept 
across two or no re than two referance points. 

The invention will now be described further by way of 
exanple with reference to the acconpanying drawing in which: 

Figure 1 illustrates an optical sensor according to the 
invention for use with a resonant mirror device; 

Referring to the drawings, the resonant mirror device and 
the coupling device disposed adjacent thereto are mounted on a 
rotatable platform. The coupling device is a prism 2 as shown in 
the drawing. The prism 2 couples light into the device at an angle 



of Incidence depending on the angular position of the rotatable 
platform relative to the beam of light. 

The input optics, provides a wedge beam of li(0it allowing a 
range of input angles of incidence to be monitored. The input beam 
of litfit is produced by a source 10 of a single line spectrum. 

The Input beam of litfit is passed on to a poUrizer 4 
throu* a beam expander 12. The polarizer is arranged to produce a 
linearly polarized light with two components transverse electric 
(TE) and transverse magnetic (TM). The polarizer is set at 45* to 
the TE and TM transmission axes and thus provides equal components 
of TE and TM light. TE component undergoes a phase change on 
reflection which is different conpared with TM conponent. 

As with all SP and resonant mirror devices there 1s a 
resonance at some angle '(J 1 , at which a plane wave incidenton the 
structure will produce a maximum intensity in the resonant film. 
This maximum will typically be many (lO 2 *) times the intensity 
produced at other angles of incidence. All the light is reflected 
for any angle of incidence, so the resonance is detected because of 
the effect on the phase of the reflected wave. Reference 1s made 
to GB Application No: 910610Z.8 for further explanation of resonance 
for TE and TM coraponents of the input beam of light and construction 
of the resonance mirror device. 

The linearly polarized light produced by a polarizer 4 is 
reflected by a mirror 5 and thereafter focused by a cylindrical lens 
6 on the device 1. The beam of litfit focused on the device is 1n 
the form of a wedge beam as shown in the drawing thus allowing a 
range of angles to be monitored simultaneously. The platform on 
which the prism 2 is mounted can be rotated so that the angles of 
incidence at which both components are coupled into the device can 
be adjusted. The prism is rotated so that the beam coupled into 
the device strikes the device at angles of incidence at Which a 
resonance 1s excited for at least one of the TE and TM conponents. 
The prism may be rotated to a position where the resonance is 
excited for both of said TE and TM components. 
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The reflected light from the device 1 1s passed on to an 
analyser and compensator 11 through an output optics including 
reflector 7 and a cylindrical lens 8 and thereafter the light is 
passed through a diffraction grating 13. The analyser 11 is 
arranged at go' to the polarizer. The two consents are 
interfered at the analyser to allow the phase change on resonance to 
be detected. Off resonance both components undergo a similar 
phaseshift on total internal reflection and the relative phase 
between the components 1s adjusted by the compensator to give zero 
transmission through the analyser. This will apply for all angles 
except near resonance. Near resonance of either component, the 
phase shift between the TE and TM components will vary rapidly with 
angle, resulting in a maximum throughput of the analyser at 
resonance when all the light 1s transmitted. On rotating the 
analyser g0\ a series of dark lines or bands appears on a bright 
background. On passing through the diffraction grating, the 
diffraction of the beam into the multiple diffraction orders of the 
grating results in an output beam which consists of a comb of lines 
for both TE + TH resonance. Changes 1n the sensing layer cause 
the comb spectrum to be swept across the detector. As the angular 
spacing of the output" spectrum is known, simply counting the number 
of maxima allows the shift in the angle to be measured. This 
counting system is very easily realized using simple digital 
electronics and results in only one data value to determine the 
resonance position. This gives advantages in speed and cost of the 
instrument. 

When a sensing layer of the resonant mirror device is 
sensitized by a test sample, there 1s an angular shift in the 
resonance angle, because of change in the angle of resonance. The 
series of lines or bands in the output spectrum are swept across a 
reference point as a result of the angular shift in the resonance 
angle. The series of lines or bands swept across the reference 
point are detected by a detector 14. Preferably the detector 14 is 
a silicon photodlode located at the reference point. The angular 



shift in the resonance angle is equal to the product of the counted 
number of lines or bands detected by the detector 14 and the 
distance between two adjacent lines or bands in the output spectrum. 
When a plurality of different test samples are tested 
sinultaneously, by sensitizing different parts across the width of 
the resonant mirror device in a direction perpendicular to the plane 
of incidence, a linear detector is used in the path of the output 
beam for determining an angular shift corresponding to each of the 
test samples, again aligned In a direction perpendicular to the 

plane of incident. 

The compensator consists of two quarter wave plates which 
are manually adjusted to remove any phase difference which is 
introduced between the TE and TH components on total internal 
reflection and by birefringence in the optical path. 
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CLAIMS 



1. A method of testing a biochemical sample, the method 
conprising providing an optical evanescent wave sensor device having a 
dielectric cavity and a sensing layer, providing an input beam of 
light having a single line or narrow band spectrum, coupling said beam 
of light to said device to excite resonance in said device and passing 
light reflected from said device through an analyser and nultiple wave 
splitting element for producing an output beam of li^rt having an 
angular spectrum of a series of bright and/or dark lines or bands, 
sensitizing the sensing layer by the test sanple, thereby causing an 
angular shift in the resonance angle, said lines or bands in the 
output spectrum being swept across a reference point as a result of 
said angular shift in the resonance angle and counting said lines or 
bands or parts thereof swept across said reference point, said angular 
shift in the resonance angle being equal to the product of the counted 
number of lines or bands or parts thereof swept across the reference 
point and the. distance between two adjacent lines or bands in the 
output spectrum* 

2. A method as claimed in Claim 1, in which said the light 
reflected from said device is first projected onto the analyser and 
thereafter projected onto the nultiple beam splitting element. 

3. A method as claimed in Claim 1, in which the light reflected 
from said device is first projected onto the nultiple beam splitting 
element and thereafter the multiple beam from said element Is 
projected onto the analyser. 

4. A method as claimed in any one of Claims 1 to 3, in which the 
nultiple beam splitting element is a diffraction grating. 

5. A method as claimed in any one of Claims 1 to 3, in which 
said input beam of light has coherent TE and TH conponents and said 
device is arranged in the path of said input beam of light such that 
one of said conponents excites resonance in said device. 
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6. A method as claimed in Claim 5, in which said device is 
arranged in the path of the input beam of li^t such that resonance is 
excited for both of said components* 

7. A method as claimed in any one of Claims 5 or 6, in which 
said input beam of light is linearly polarized with TE and TM 
conponents by a polarizer arranged in the path of the input beam of 
light. 

8. A method as claimed in Claim 7, in which the polarizer is 
arranged at 45* to the TE and TM transmission axis for providing equal 
conponents of TE and TM light and the analyzer is arranged at 90* to 
the polarizer for providing said series of bright lines or bands in 
the output spectrum. 

9. A method as claimed in any one of the preceding claims, in 
which the sensor device is a resonant mirror device and a prism is 
disposed adjacent the mirror device for coupling light to the mirror 
device* 

10. A method as claimed in any one of Claims 5 to 9, in which a 
conpensator is disposed adjacent said analyser to remove any off 
resonance phase difference which is introduced between the TE and TM 
conponents on total internal reflection and by birefringence in the . 
device. 

11. A method as claimed in any one of the preceding claims, in 
which a detector is disposed at the reference point for detecting the 
lines or bands swept across the reference point. 

12. A method as claimed in Claim 11, in which said detector is a 
silicon photodiode. 

13. A method as claimed in any one of Claims 1 to 9, in which an 
array of detectors is disposed in the path of said output beam to 
count lines or bands swept across two or more than two spaced 
reference points. 

14. An optical sensor for testing a biochemical sanple, said 
sensor comprising means for providing an input beam of light having a 
single line or narrow band spectrum, an optical evanascent wave sensor 
device having a dielectric cavity and a sensing layer, means for 
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coupling said beam of light to said sensor device and passing li^rt 
reflected from said device through an analyser and a multiple beam 
splitting element for producing an output beam of light having an 
angular spectrum of a series of bricjht and/or dark lines or bands, 
said sensing layer being sensitized by the test sample, when the 
optical sensor Is in use, thereby causing an angular shift in the 
resonance angle, said lines or bands in the output spectrum being 
swept across a reference point as a result of said angular shift in 
the resonance angle and means for counting said lines or bands or 
parts thereof swept across said reference point. 

15. A sensor as claimed in Claim 14, in which the multiple beam 
splitting element is a diffraction grating. 

16. A sensor as claimed in Claim 14 or 15, in which said input 
beam of light has coherent TE and TH components, and said sensor 
device is arranged in the path of said input beam of light such that 
one of said conponents excites resonance in said device. 

17. A sensor as claimed in Claim 16, in which said device is 
arranged in the path of the beam of light such that resonance is 
excited for both of said components. 

18. A sensor as claimed in Claim 17, including a lens arranged in 
the path of said beam of light for focusing the beam of light onto the 
device. 

19. A sensor as claimed in any one of Claims 16 to 18, in which 
said beam of litfrt is linearly polarized with TE and TM conponents by 
a plarizer arranged in the path of the input beam of light. 

20. A sensor as claimed in Claim 19, in which the polarizer is 
arranged at 45* to the TE and TM transmission axis, for providing 
equal components of TE and TM light and the analyser is arranged at 
90 # to the polarizer for providing said series of brigjht lines or 
bands. 

21. A sensor as claimed in any one of Claims 14 to 20, in which 
said device is a resonant mirror device. 

22. A sensor as claimed in Claim 20, in which said coupling means 
is a prism. 
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23. A sensor as claimed in Claim 22, in whi* said device is 
fabricated on a surface of said prism. 

24. A sensor as claimed in any one of claims 14 to 23, including 
a conpensator disposed adjacent said analyser to remove any off 
resonance phase difference vinch is introduced between the TE and TM 
components on total internal reflection and by birefringence in the 
device. 

25. A sensor as claimed in any one of Claims 14 to 24, in rfiich a 
detector is disposed at the reference point for detecting the lines in 
the output spectrum swept across the reference point. 

26. A sensor as claimed in Claim 25, in nhidh said detector is a 
photodiode. 

27. A sensor as claimed in any one of claims 14 to 24 including 
an array of detectors disposed in the path of said output beam to 
count lines swept across two or m>re than two spaced reference points. 

28. An optical sensor substantially as hereinbefore described 
with reference to, and as illustrated in, the accompanying drawing. 

29. A method of testing a biochemical sample substantially as 
hereinbefore described with reference to the accompanying drawing. 
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